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Abstract 
Nuclear Power Plant (NPP) Main Control Room (MCR) operators oversee proper functioning of the facilities, including the 
controls to maintain the nuclear reactor. At least three operators, two reactor operators (ROs) and one senior reactor operator 
(SROs), are required for safe operations. The level of detail involved in performing the duties required of a nuclear power plant 
operator can result in a considerable amount of workload. Given the responsibility for safe operations, it is critical that operator 
workload is understood to provide accurate information about potential errors. Workload is the perceived amount of demand 
associated with executing a given task [1]. In light of resource theory, workload is the amount of resources required to perform a 
task and generally, it is accepted that as workload increases, performance decreases, thus errors are more likely and safety can be 
jeopardized [2]. Systematic experimentation for identifying levels of workload associated with NPP MCR tasks has been limited 
and the studies conducted are not without their limitations [3,4,5]. To understand the level of workload experienced by NPP 
operators, an experiment was conducted using “experienced” participants. An experienced participant in the present discussion is 
one that completed a rigorous training curriculum for three common task types encountered during main control room operations. 
The task types as adapted from [6] were checking, response implementation, and detection [7]. Three experienced participants 
served in the role of an RO in the present experiment, participating in 27 sessions each, and completing the three task types 
during each session. Each task type consisted of a block of four tasks. The NASA-Task Load Index was administered after each 
task type block and interviews were conducted at a later time. Results indicated that the detection task was the most demanding. 
The implications of measurement fit for workload assessment in a nuclear power plant domain are discussed. 
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1. Introduction 
Nuclear Power Plant (NPP) Main Control Room (MCR) operators oversee proper functioning of the facilities, 
including the controls to maintain the nuclear reactor. At least three operators, two reactor operators (ROs) and one 
senior reactor operator (SROs), are required for NPP MCR operations. Additionally, it is imperative that the 
operators practice three-way communication to convey essential information regarding the state of the power plant. 
Three-way communication includes two three-way parts: the first occurs when the SRO provides instruction to an 
RO, the RO confirms the instructions, and the SRO communicates that either the RO has interpreted the 
communication correctly or repeats the instructions to the RO; the second part occurs when the RO relays to the 
SRO the accomplishment of the task, the SRO confirms completion of the task, and the RO communicates that the 
SRO has understood the information correctly. 
Workload is defined as the perceived amount of demand associated with executing a given task [1]. Little 
research has been conducted to assess the workload of the NPP reactor operators while performing typical day-to-
day tasks. However, the research that has been performed in the NPP domain emphasizes the importance of 
assessing operator workload in terms of performance and safety [3,4,5,8]. The present experiment measures the 
workload of one RO within the crew context. The RO of interest is classified as an experienced participant for the 
present experiment, rather than novice or expert. A novice participant is one with no or little knowledge and 
experience of the domain and tasking environment, such as most university students. Expert performance in a 
domain necessitates mastering all knowledge and capabilities accompanied by a great deal of concentrated training 
and repetition to attain such mastery [9]. NPP MCR operators are classified as experts. Access to these experts was 
not readily available, hence the use of experienced participants. For the purpose of the present experiment, an 
experienced participant is one who completed a rigorous training curriculum for three common task types 
encountered during main control room operations, but does not possess all of the knowledge to operate an NPP. 
Subjective measurement instruments are frequently employed to measure perceived workload of a task performed 
for experimental scenario [10]. In some instances, a subjective measurement tool is developed for the purpose of a 
specific domain or experiment [4,10]. For the present experiment, three validated subjective measurement tools 
were used to assess the experienced participants’ perceived workload: the instantaneous self-assessment (ISA), the 
multiple resource questionnaire (MRQ), and the National Aeronautics and Space Administration – Task Load Index 
(NASA-TLX). Additionally, experienced participants in the present experiment were interviewed after completion 
of the experiment and asked to recall specific instances of workload at the beginning, in the middle, and at the end 
of the experiment. The goal for the present discussion is to compare various subjective workload measures for 
experienced operators performing NPP MCR tasks. 
The Air Traffic Management Data Centre created the ISA for the purpose of measuring workload in real-time. 
Participants documented perceived workload on a scale ranging from one, being under-utilized, to five, excessive 
workload, every two minutes during task performance [11,12]. For the present experiment, participants recorded 
perceived workload halfway through performance of a block of four tasks for each task type. The MRQ, which is an 
extention of Wickens’ Multiple Resource Theory, consists of 17 scales and was designed to identify which mental 
processes contributed to workload during task performance [13,14]. For the present experiment, 14 of the 17 scales 
were relevant to the task and participants rated workload on a scale ranging from 0-100 [15]. The NASA-TLX was 
developed as a subjective ratings tool designed to reduce the variability found between participants and to assist 
with recognition of the exact causes of workload during task completion. Six subscales comprise the NASA-TLX, 
including, mental demand, physical demand, temporal demand, performance, effort, and frustration [16]. Originally 
developed to measure workload in the field of aviation, the NASA TLX is now used in other domains, including 
nuclear power plants [3,4,5,8,17,18]. 
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2. Method 
2.1. Participants 
Three experienced participants, two female and one male, were selected from current employees of Institute for 
Simulation and Training (IST) based on criteria to fill the role of reactor operator 2 (RO2) in a team consisting of 
three members. Criteria for selection included reliability, dependability, and availability. Additional criteria included 
an age range of 18-40, normal or corrected to normal vision, and normal color vision. Further, each RO2 was 
required to pass eleven intensive training sessions to gain familiarity with the system in terms of the locations and 
states (open or shut) of the controls, preferred responses using three-way communication, and the functions of the 
items of focus. The experienced participants received monetary compensation for their participation equal to their 
hourly wage. 
2.2. Experimental design 
The present experiment was a repeated measures design with two independent variables, which included three 
task types (checking, response implementation, and detection) and the number of sessions (27). The dependent 
variables included: ISA [11,12], NASA-TLX [16], MRQ [13,14], and interviews with the experienced participants.  
2.3. Independent variables 
The checking task type required participants to verify the state of a valve or switch and report the state to the 
SRO. The response implementation task type required participants to change the state of a valve or switch, typically 
from shut to open. Finally, the detection task type required the participants to monitor a gauge for changes and 
report to the SRO when the gauge reached a predetermined level: degrees, PSIG, or percent. 
2.4. Measurement instruments 
The ISA required participants to rate their perceived workload on a five-point scale. The NASA-TLX consists of 
six subscales, which participants used to rate their impression of their workload during each task. Fourteen of the 17 
MRQ subscales applied to the present experiment. The three subscales excluded were Facial Figural, Facial Motive, 
and Tactile Figural. The interviews consisted of eight open-ended questions (detailed in the discussion) regarding 
perceived workload at the beginning and end of the experiment, and for each task type.  
2.5. Materials 
The GSE Generic Pressurized Water Reactor (GPWR) simulator was adapted for use in the present experiment. 
The simulator consisted of two RO stations that included modified versions of the panels that NPP operators use to 
perform their duties, as well as one SRO station [7]. Each RO station included a standard desktop computer 
(6.4GT/’s, Intel Xeon™ 5600 series processor), two 24-in monitors (16:10 aspect ratio), one sound-bar speaker, and 
one standard mouse and keyboard. 
2.6. Procedure 
The experienced participants all followed the same procedures throughout the training and the experiment. First, 
they completed the training and practice phases, which included proficiency assessments, to gain familiarity with the 
role of RO2. Each experienced participant completed 27 experimental sessions for a total of 81 sessions consisting 
of the three task types with a block of four tasks per task type. The order of the task blocks was partially counter-
balanced to maintain ecological validity. The ISA was administered following completion of the second task for 
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each task type. Once each block of tasks was completed, the NASA-TLX was administered followed by the MRQ. 
Interviews were conducted with the experienced participants after completion of the experiment. 
3. Results 
The reported results indicate workload levels for the ISA and the NASA TLX while the MRQ indicates the levels 
of usage of the experienced participants’ mental processes. The highest workload ratings reported on the NASA-
TLX and MRQ are presented. The ratings indicate variability in the perceived workload of each experienced 
participant. The experienced participant interviews provide a high level overview of the workload of the experienced 
participants. Results below are for each experienced participant from the first and last experimental sessions, and 
overall workload reported for each subjective measure arranged according to the three task types. The scores were 
averaged across the 27 sessions to report overall workload. 
3.1. Session 1 workload ratings 
From here forth, Experienced Participant 1, 2, and 3 will be referred to as EP1, EP2, and EP3 respectively. Table 
1 indicates that for the checking task during session 1, the ISA and NASA-TLX suggest a low to medium level of 
perceived workload while the MRQ ratings show more variability in the workload and the specific subscales in 
which the experienced participants reported higher levels of workload. Two subscales received a much lower 
workload rating from EP2 and two received high workload ratings form EP1 and EP3. 
 
Table 1. Session 1 checking task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Auditory Linguistic 100 All subscales 0 
Experienced Participant 2 3 Visual Lexical 37 
Visual Temporal 37 
Frustration 39 
Experienced Participant 3 2 Manual 88 Mental Demand 
Physical Demand 4 
 
Like Table 1, for response implementation, Table 2 indicates a low to medium level of perceived workload for 
the ISA and NASA-TLX while the MRQ ratings show more variability in the workload and the specific subscales in 
which the experienced participants reported higher levels of workload. However, two of the subscales of the MRQ, 
Auditory Linguistic for EP1 and Manual for EP3, show the highest amount of workload for both the checking and 
response implementation tasks. 
 
Table 2. Session 1 response implementation task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Auditory Linguistic 100 All subscales 0 
Experienced Participant 2 2 Spatial Attentive 42 Effort 
Performance 37 
Experienced Participant 3 2 Manual 95 Effort 3 
 
The scores for the detection task in Table 3 indicate a low to medium level of perceived workload for ISA, while 
the MRQ showed higher levels of perceived workload for specific subscales. The NASA-TLX indicates low 
workload ratings for EP1 and EP 3 while EP2 indicated a high level of workload for a specific subscale. 
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Table 3. Session 1 detection task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Auditory Linguistic 100 
Visual Temporal 100 
All subscales 0 
Experienced Participant 2 3 Spatial Emergent 89 Frustration 83 
Experienced Participant 3 2 Spatial Attentive 98 All subscales 0 
3.2. Session 27 workload ratings 
ISA ratings for the checking task in Table 4 indicate reduced perceived workload by the last experimental 
session. The MRQ indicates high ratings for two subscales for EP1 and EP3 and a low rating for one subscale for 
EP2 while the NASA-TLX indicates low workload ratings for EP1 and EP 3 while EP2 indicated a high level of 
workload for a one subscale. The subscales indicating high workload for the MRQ and the NASA-TLX are not the 
same subscales indicated in session 1. 
 
Table 4. Session 27 checking task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Spatial Positional 77 All subscales 0 
Experienced Participant 2 2 Visual Lexical 35 Performance 60 
Experienced Participant 3 1 Spatial Attentive 94 All subscales 0 
 
According to the ratings for the response implementation task in Table 5, there is a reduced amount of perceived 
workload between the first experimental session and the last session. Additionally, the subscales that indicate a 
medium or high level or workload differ from those in the first experimental session. 
 
Table 5. Session 27 response implementation task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Manual 77 
Short Term Memory 77 
All subscales 0 
Experienced Participant 2 2 Spatial Positional 36 
Visual Lexical 36 
Frustration 37 
Experienced Participant 3 1 Auditory Linguistic 89 
Spatial Attentive 89 
All subscales 0 
 
The scores for the detection task in Table 6 show that the experienced participants still experienced high levels of 
workload as indicated by the MRQ and one subscale of the NASA-TLX; however, the subscales in which higher 
workload is perceived differ from the first experimental session. 
 
Table 6. Session 27 detection task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Spatial Categorical 100 
Spatial Quantitative 100 
All subscales 0 
Experienced Participant 2 3 Visual Lexical 79 Physical Demand 68 
Experienced Participant 3 1 Manual 94 
Visual Lexical 94 
All subscales 0 
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3.3. Average workload across sessions 
As indicated in Table 7, the ISA ratings for EP1 remained the same for the checking task throughout the 
experiment while the scores for EP 2 and EP 3 indicated a decrease in perceived workload over the duration of the 
experiment. The MRQ perceived mental workload scores remained high for the same subscales indicating use of 
these mental processes remained high. The NASA-TLX perceived workload scores indicated a change in the 
subscales that required more attention for EP2 and EP3. 
 
Table 7. Overall workload checking task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Auditory Linguistic 79 All subscales 0 
Experienced Participant 2 1.44 Visual Lexical 30 Effort 24 
Experienced Participant 3 1.11 Manual 92 
 
Performance .2 
 
The overall response implementation task perceived workload scores in Table 8 show that ISA remained 
consistent for EP1 throughout the experiment and decreased overall for EP 2 and EP 3. The MRQ for EP1 and EP3 
demonstrate higher perceived workload from some mental processes and the NASA-TLX remains consistent 
showing low workload for all three experienced participants throughout the experiment. 
 
Table 8. Overall workload response implementation task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Auditory Linguistic 79 All subscales 0 
Experienced Participant 2 1.81 Visual Temporal 30 Frustration 31 
Experienced Participant 3 1.11 Manual 92 
 
Effort .1 
 
The overall perceived workload scores for the detection task in Table 9 indicate the ISA ratings stayed consistent 
for all three experienced participants throughout the experiment. The MRQ ratings indicate a consistent high amount 
of usage of mental processes and the NASA-TLX suggests low perceived workload for EP1 and EP3 and a medium 
level of perceived workload for EP2 throughout the experiment. 
 
Table 9. Overall workload detection task. 
 ISA MRQ NASA-TLX 
Experienced Participant 1 1 Visual Temporal 97 Performance .6 
Experienced Participant 2 2.85 Spatial Concentrative 72 Physical Demand 67 
Experienced Participant 3 1.19 Spatial Attentive 97 
 
Mental Demand 
Physical Demand 
Frustration .03 
3.4. Experienced participant interviews 
The interviews conducted with the experienced participants indicate higher workload at the beginning of the 
experiment and lower workload at the end of the experiment. Once training was completed, the experienced 
participants reported low perceived workload throughout the experiment regardless of task type or order in which 
the tasks were presented, although the interviews did indicate a higher amount of workload for the detection task 
than the checking or response implementation tasks. 
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4. Discussion 
The results of the ISA and the NASA-TLX indicate the amount of perceived workload for EP1 did not change 
throughout the experiment. However, the MRQ shows that some mental processes for EP1 were still in use more 
than others and the processes that exhibited the most use differed during the first session of the experiment as 
opposed to the last session and across tasks.  
EP2 recorded a higher amount of workload which decreased slightly from the first session to the last. The ISA 
score decreased for the checking task, but remained the same for the response implementation and detection tasks. 
The MRQ scores showed more demand of mental processes for the detection task than for the other two tasks. Like 
EP1, the highest demanded processes for EP2 changed from the first session to the last session of the experiment. 
The NASA-TLX perceived workload scores for EP2 were not quite as consistent as for EP1. For all of the tasks, the 
subscale associated with the greatest amount of workload differed during the first and last sessions. Perceived 
workload for the checking task had a higher score during the last session, perceived workload for the response 
implementation task remained constant and decreased during the detection task.  
Perceived workload for EP3 decreased from the first session to the last session according to the scores reported 
for the ISA and the NASA-TLX. Although the mental processes that received the highest workload scores were 
different during the first and last sessions for all of the tasks, the scores remained high. 
The overall perceived workload scores take into account the scores from all 27 experimental sessions, not just the 
first and last sessions. The ISA scores of perceived workload reflected consistency over the course of the experiment 
for the three experienced participants across tasks. The overall MRQ scores were also reflective of the reported 
workload during the first and last sessions. In general, the scores remained high for EP1 and EP3, and EP2 reported 
less overall perceived workload for the checking and response implementation tasks. In two instances for EP2, the 
mental processes with the highest overall usage differed from those reported in the first and last sessions, which 
indicates those processes were used at a consistently higher rate over the course of the experiment. The overall 
perceived workload for the NASA-TLX was consistent with the reported workload for the first and last sessions. 
The only exception included the checking task for EP2. In this instance, the reported workload indicates that the 
subscale of “effort” received consistent ratings. 
The following questions were asked of the experienced participants after the experiment had concluded in an 
effort to provide more understanding of their perception of their workload. 
 
x Think back to the beginning of the study. How would you describe your workload (high, low)? 
x Think back to the end of the study. How would you describe your workload (high, low)? 
x Did your workload change across sessions for each task type? 
x How did your workload change across sessions for each task type? 
x Think about one single session. How would you describe your workload (beginning, middle, end of the session)? 
x Which task type created the highest amount of workload (beginning, middle, and end of the study)? 
x Were you more focused on the tasks at the beginning of the study as opposed to the end of the study? 
x How did your workload change from the beginning to the end of the study? 
 
The interviews show consistency with the perceived workload reported in the subjective measures. EP1 reported 
low workload throughout the experiment while EP2 and EP3 reported a decrease in workload as the experiment 
progressed. Based on the interviews, the task with the highest amount of perceived workload is the detection task 
largely due to the length of time spent performing the task and the requirement of clicking on a gauge every time a 
change occurred.  
5. Limitations 
The present experiment included some limitations: the lack of access to expert performers in Nuclear Power Plant 
Main Control Room Operations. The training time for experienced participants differs from the training time of 
expert performers. The experienced participants received 22.5 hours of training to perform the role of RO2, which is 
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far less time than those who actually work in the NPP MCR. Additionally, the experienced participants received 
training from non-experts. So far, the ability to compare experienced participants to expert performers does not 
exist. Comparing experienced participants to expert performers would incur a great financial cost in order to assess 
them in the same location on the same controls.  
6. Conclusion 
The subjective measures used to determine perceived workload provide a fairly comprehensive picture of the 
amount of workload experienced by the experienced participants as one measure was administered online, two were 
administered post-task type, and one was administered following all experimental session. The measures also 
indicate that even though experienced operators began the experimental sessions with the same level of proficiency 
as determined by the equivalent hours of training and practice with associated proficiency evaluations, workload 
was an individual experience. This requires further investigation as level of skill might not be a sufficient indicator 
of expected performance and safety, but that skill assessment and perhaps system design need to account for 
individual differences. Additionally, it appears that while all methods of workload measurements (ISA, NASA-
TLX, MRQ and Interview) were relatively sensitive to workload differences associated with task types and across 
sessions, the MRQ seems to be more diagnostic of the mechanisms or task components driving workload.  
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